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Both our sense of touch and our sense of vision allow us to perceive common 
object properties such as size, shape, and texture. The extent of this functional overlap 
has been studied in relation to infant perception (Bushnell & Weinberger, 1987; Gibson 
& Walker, 1984; Streri, 1987; Streri & Gentaz, 2003), overlap in brain regions (Amedi, 
Malach, Hendler, Peled, & Zohary, 2001; Deibert, Kraut, Kermen, & Hart, 1999; James, 
Humphrey, Gati, Menon, & Goodale, 2002), and adult perception (Gibson, 1962, 1963, 
1966; Klatzky, Lederman, & Reed, 1987; Lakatos & Marks, 1999; Norman, Norman, 
Clayton, Lianekhammy, & Zielke, 2004). The current experiment extended the findings 
of Norman et al. (2004) by examining the effect of experience upon the visual and haptic 
discrimination of 3-D object shape, as well as examining for differences in how long 
visual and haptic shape representations can be held in short-term memory. Participants 
were asked to compare the shapes of two objects either within a single sensory modality 
(both objects presented visually or haptically) or across the sensory modalities (one 
object presented visually, the other presented haptically) for 120 trials. Their task was to 
compare whether the objects possessed the "same" or "different" 3-D shapes. The 
objects were presented for a duration of 3 seconds each, with a 3-, 9-, or 15-second inter-
stimulus interval (ISI) between them. Both the unimodal (visual-visual and haptic-
haptic) and cross-modal (visual-haptic and haptic-visual) conditions exhibited a linear 
vi 
pattern of learning, and were unaffected by the various ISI's used. However, different 
levels of discrimination accuracies were observed for the various groups with the highest 
level of accuracy occurring for the visual-visual group (M = 78.65 % correct) and the 
lowest level of accuracy occurring for the haptic-visual group (M = 65.31 % correct). 
Different patterns of errors for "same" versus "different" trials were observed for the 
unimodal and cross-modal conditions. Taken together, the results of the current 
experiment give us a better understanding of the similarities and differences that exist 
between the visual and haptic sensory modalities representations of 3-D object shape. 
Chapter 1 
Introduction 
Imagine for a moment that you are a child coming home after a long day at 
school. You walk into your house to an enticing aroma. It is warm and sweet, and makes 
your mouth immediately start watering. Your nose lures you into the kitchen and over to 
the oven. You open the oven door to reveal a pan of light tan treats with dark, gooey 
chips scattered about. They are round with a diameter of approximately 2 inches. They 
are relatively thin, with a thickness that appears to be !4 to lA inch. You can hear a slight 
sizzling noise, and the dark, gooey chips are starting to bubble. You give in to 
temptation and reach in to grab one of these mysterious treats. But, ouch! They are hot, 
and pain shoots through your fingers. A mixture of crumbs and the warm, gooey 
substance is left on your fingers. You lick it off, and to your delight the taste is sweet, 
and satisfying, with just the right hint of chocolate. You are in heaven. 
As you have probably figured out, the treats described in this scenario are not 
mysterious at all, but are chocolate chip cookies. The purpose of this description was to 
demonstrate how our senses work together to allow us to perceive and make sense of the 
world. All our senses have very specific functions and perceive distinct properties about 
the environment. For the most part they do not overlap in their functions. For example, 
we cannot taste a sound, or smell a flavor (although there are exceptions, see Cytowic, 
1993). However, we do see overlap in the environmental properties we perceive from 
our senses of touch and vision. The same information about an object's size, shape, and 
texture can be perceived by both vision and touch. This overlap is referred to as amodal 
perception, and can only occur if the modalities are analogous in their functioning, or 
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equivalent in the information transferred "both from vision to touch and from touch to 
vision" (Streri, 1993, p. 10). While these senses do have independent functions (i.e., 
visual color perception, haptic temperature perception), the extent of their overlap has 
intrigued philosophers and scientists for centuries (Berkeley, 1963/1709; Lucretius Carus, 
1950/-58 B.C.). Common questions asked include: Are these senses equivalent in 
ability? Are there conditions in which one is better than the other? What is the extent of 
their overlap? Is the information perceived interchangeable? How easily can information 
be transferred and compared across the senses? 
Much of the research that has been conducted on the relationship between the 
perception of object shape through touch and vision has been with infants. In order to 
operationally study the intermodal transfer of shape information across the visual and 
haptic systems in infants, there must be two phases to the situation (Gottfried, Rose, & 
Bridger, 1977, as cited in Streri, 1993). First the infants must be haptically familiarized 
with an object, and second, they must be visually presented with two objects, one familiar 
and the other novel. If a difference is shown in the amount of time the infant looks at 
each object, it is interpreted to mean the transfer of information from the haptic to the 
visual modality has taken place. Though there are some discrepancies in the literature, it 
is generally accepted that a preference for the novel object (longer looking time) is 
evidence that the baby visually recognized the haptically familiarized object. 
In a study conducted by E. J. Gibson and Walker (1984) it was demonstrated that 
babies as young as 1-month old could recognize a substance visually with which they had 
been oral haptically familiarized. The infants were given either a hard or sponge-like 
substance to mouth for 60 seconds. They then were presented with both the familiar and 
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the novel substances rotating in depth on vertical axes at approximately the same speed. 
The mean proportion of looking time for the novel substance (.605) was significantly 
greater than for the familiar substance (.395), p = .0066. Gibson and Walker (1984) 
concluded that the substance information was being transferred across the visual and 
haptical modalities, but they considered the movement of the visual stimuli to be an 
important factor in this transfer being able to occur. 
A study conducted by Streri (1987) gave further evidence for the transfer of 
information from touch to vision. In this study, 2-month-olds were familiarized tactually 
with a circular object that either had a hole in it (doughnut shaped), or did not. As with 
Gibson and Walker's (1984) findings, Streri found that shape information could be 
transferred from touch to vision. However, the transfer was not demonstrated when the 
objects were familiarized visually and then to be discriminated between haptically. In a 
2003 study, Streri and Gentaz demonstrated that the ability to transfer simple shape 
information from touch to vision was present even in newborns (M age = 62 hours), 
indicating that the ability may be inherent. 
In a study conducted by Bushnell and Weinberger (1987) a sort of "trick" method 
was used to assess the ability of 11-month-old infants to transfer object shape and texture 
information across the visual and haptic modalities. The infants were introduced visually 
to the reflection of a 3-D object through a "reaching box device" (p. 602; see also 
Bushnell, 1982). They then felt an object in the location where the reflected object 
appeared to be. They could not see the actual object they were feeling, though they could 
view the reflected object and feel the actual object simultaneously. In discrepancy trials 
the object felt was different in shape, texture, or both from the object seen. In control 
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trials, the reflected and actual objects were identical. The infants' facial reactions and 
hand movements were recorded as they came in contact with the actual objects. A panel 
of judges then reviewed the tapes and were forced to decide whether the infant was 
perceiving a discrepant pair of objects or an identical pair. In other words, did what the 
infant was feeling match what they were seeing? "The panel of judges together was 
considered to have scored a 'hit' (i.e., to have been correct) for a trial if either three or 
four of them individually were correct, and the panel was considered to have scored a 
'miss' if none, one, or two of them were correct" (p. 603). The frequency of hits and 
misses was then compared to expected frequencies using a one-sample % test. When the 
objects were different in both shape and texture the infants appeared to notice, by 
searching for the object they were viewing and by appearing puzzled. They were also 
able to detect the discrepancy when the objects differed drastically in shape only (i.e., 
seeing an egg shaped object, but feeling a square one). The panel of judges accurately 
discriminated between the discrepancy and control trials for these pairs. However, the 
discrepancy did not appear to be detected by the infants when the object viewed was 
simpler in shape or texture than the object felt. The judges could not accurately 
differentiate between the discrepancy and control trials for these pairs. A second study 
revealed that when the more complex object was viewed (i.e., the one with texture, or 
more edges), and the simpler one was felt, the discrepancy was detected by the infants. 
The authors concluded that the "pattern of results is consistent with the idea that visual 
information defines the parameters for manual exploration to focus on; it sets the agenda 
for the hands" (p. 607). 
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There has also been neurophysiological evidence that the haptic and visual 
modalities share common functions. Brain regions typically thought to be involved 
solely in visual processing have been shown to be equally active during haptic processes. 
Specifically, using fMRI brain scans one study demonstrated that Area MO (middle 
occipital) in the extrastriate visual cortex was equally activated during the haptic and 
visual exploration of 3-D objects (James, Humphrey, Gati, Menon, & Goodale, 2002), 
The same study also found that both Areas MO and LO (lateral occipital) in the 
extrastriate visual cortex became as activated during a haptic-to-visual priming task as 
during a visual-to-visual priming task. A separate study was able to demonstrate that the 
area termed the lateral occipital complex (LOC) within the occipito-temporal region, 
typically known to respond to visual object shape, is equally activated by object shape 
presented haptically (Amedi, Malach, Hendler, Peled, & Zohary, 2001). These findings 
are congruent, as Area MO is located in the lateral occipital complex. Similarly, Deibert, 
Kraut, Kermen, and Hart (1999) found activation in the calcarine and extrastriatal 
cortices of the occipital lobe during both grasping and index finger/thumb pinching haptic 
exploration. However, it should be noted that none of these studies examined the 
activation of haptic areas in the cortex during visual object exploration. 
The implications of the infant and neurophysiological research are limited in that 
they only provide evidence that the transfer of 3-D shape information across the visual 
and haptic systems is possible and that it occurs in specific regions of the brain. They do 
not provide any information about the extent to which this transfer is possible nor about 
the accuracy with which it occurs. 
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When comparing the visual and haptic modalities, an obvious question is whether 
or not they have equivalent short-term memory capacities. While a large amount of 
research has been conducted on visual short-term memory (STM) span (for a review see 
Hurt & Ellis, 2004, chap. 4), much less has examined tactile STM or compared the visual 
and haptic modalities directly on any one perceptual dimension (e.g., 3-D shape). In a 
study conducted by Bliss, Crane, Mansfield, and Townsend (1966), tactile memory span 
was examined by stimulating various points on the fingers of both hands (24 total points) 
simultaneously and having the participants report the number of points they felt. 
Stimulation occurred by way of air pressure pulses, and only the fingers of both hands 
were tested (thumbs excluded). When corrected for guessing, it was found that 
participants could report an average of 3.5 to 7.5 (out of 12) stimulated positions, a span 
similar to what has been observed for visual studies. 
In 1971, Goodnow conducted a study to see if cross-modal matching from vision-
to-touch was differential affected by number of comparison objects than matching from 
touch-to-vision. Participants were presented with a standard 3-D object for 4 seconds and 
then presented with 1, 3, or 5 comparison objects one at a time. Overall, participants' 
performance, when required to transfer the object shape information from touch-to-
vision, was more severely affected by increasing the number of comparison objects than 
the requirement to transfer from vision-to-touch. From this Goodnow (1971) concluded 
that "memory for information gathered by hand appears to be less stable than for 
information gathered by eye..." (p. 89). 
According to leading researchers in haptic perception Klatzky, Lederman, and 
Reed, there are two theoretical frameworks for haptic perception (Katzky & Lederman, 
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2002; Klatzky, Lederman, & Reed, 1987; see also Lakatos & Marks, 1999). What they 
refer to as the "image-mediated model" treats "haptics as an inferior form of vision" 
(Klatzky, Lederman, & Reed, 1987, p. 357). According to this model, haptic information 
of object contour is translated into a visual image and is then "'reperceived' (cf. Kerst & 
Howard, 1978) by visual processors" (p. 357). In contrast, the second framework 
"assumes that the haptic system has its own encoding processes and pathways, which 
may or may not be shared with vision" (p. 357). Even when an object is perceived 
simultaneously by vision and touch, this model suggests that the modalities are likely to 
give different weights to specific features. What is perceptually important to the haptic 
system may differ based on the presence or absence of visual information. Specifically 
this model is "concerned with the 'salience' of object attributes under haptic exploration" 
(p. 357). 
To test this second model, Klazky, Lederman, and Reed (1987) conducted a series 
of experiments in which participants had to haptically sort a series of objects based on 
similarity. There were a total of 81 objects varying across three levels for the dimensions 
of shape, size, hardness, and texture. In one study, participants were divided into "four 
instructional conditions: unbiased haptics, haptically biased haptics, visual-imagery 
biased haptics, and haptics with vision" (p. 361). In the unbiased haptic condition, 
participants were blindfolded and told to sort the objects based on similarity. In the 
haptically biased haptic condition, participants were blindfolded and told that objects go 
together that feel similar. In the visual-imagery biased haptic condition, participants were 
blindfolded and told that objects should be grouped together if their visual images are 
similar. In the haptics with vision group, participants were not blindfolded and, like the 
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unbiased haptic group, were not given specific sorting instructions. The results showed 
that participants in both the haptically biased and unbiased conditions sorted primarily 
based on object hardness. When instructed to sort based on visual image, however, 
participants relied almost exclusively on object shape. For the group in which vision and 
haptics were both used, all dimensions were used as a basis for sorting, though shape was 
the most emphasized. Texture was used in all groups, though less so in the with-vision 
and visually imagery groups. Size was used only in the with-vision condition, and even 
then the usage was minimal These findings support the authors' theory that when an 
object is naturally encoded by haptics alone, the features that are salient differ 
substantially from when it is encoded by vision or visual imagery. 
Further support was found for this model of haptic perception, the "direct 
apprehension model," in a study that examined the weighting of local versus global 
features of objects in a visual or haptic sorting task (Lakatos & Marks, 1999, p. 907). It 
was found that in the haptic conditions participants weighted the local features of objects 
more heavily than in the visual conditions. It was also found that "differences in local 
features tended to exert their greatest influence during early exploration, and 
progressively less so given longer time periods" (p. 907). From this finding, the authors 
concluded that when an object is perceived haptically, a global image of the object is not 
developed until after the local features have been perceived. 
Few studies have compared the performance of congenitally blind persons to that 
of visually normal persons on visual or haptic tasks. However, a study conducted by 
Aleman, van Lee, Mantione, Verkoijen, and de Haan (2001) compared the performance 
of these two groups on a pictorial imagery task and a spatial imagery task. In the 
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pictorial imagery task subjects were asked to compare the outline shape of three objects 
and indicate which one was the most deviant. For example, in one triad subjects were 
asked to indicate the "odd-one-out" of a saw, a hammer, and an axe (p. 2602). In the 
spatial imagery task, subjects were orally given directions of a pathway to follow with 
their finger on a 2-D or 3-D wood matrix. Some subjects were also required to 
simultaneously do a finger tapping distracter task while conducting the imagery task. 
The authors found that both the blind and normal sighted groups were able to perform 
these tasks at a level well above chance. The finger tapping distracter task also equally 
negatively affected them. However, for both the pictorial imagery and spatial imagery 
tasks the normal sighted group performed significantly better than the congenitally blind 
group. "This suggests that visual experience contributes to visual imagery perfoimance" 
(p. 2603). This study did not examine performance for the haptic exploration of 
unknown objects nor the ability of the two groups to transfer shape information across the 
visual and haptic sensory modalities. More research is needed for conclusive evidence 
that differences in object shape discrimination exist between blind and sighted persons. 
During the 1960's, James Gibson published a series of papers discussing his 
beliefs about the relationship between the visual and haptic systems (1962, 1963, 1966). 
Gibson believed that the haptic and visual perceptions of 3-D object shape were 
essentially equivalent, and that matching objects across the two modalities could be done 
easily with little or no practice (1962). Gibson based these conclusions on a series of 
experiments he conducted, but never published. While he did briefly describe the 
procedure for these experiments in his 1963 paper, he did not provide any data. 
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As Gibson made important observations regarding the equivalence of the visual 
and haptic perceptions of 3-D object shape, Norman, Norman, Clayton, Lianekhammy, 
and Zielke (2004) decided to replicate his studies using natural 3-D objects. To do this 
further replication, they obtained James Caviness's (Gibson's student at the time) 
Master's Thesis (1962, as cited in Norman et al., 2004) and Dissertation (1964, as cited in 
Norman et al., 2004), which referred to and replicated Gibson's original studies. 
Norman et al. (2004) replicated two of Gibson's original experiments but used 
natural 3-D objects as stimuli in place of the manmade sculptures ("feelies") that Gibson 
used. The natural stimuli were 2 plastic copies of 12 bell peppers (Capsicum annuum). 
In the first experiment observers participated in a cross modal matching task. They were 
presented with one of the twelve objects behind a curtain to haptically explore, while 
simultaneously being able to view replicas of objects 1-12 on a table. Their task was to 
match the object they were feeling with its replica on the table based on its 3-D shape. 
Observers were allotted 3, 5, 7, 9, or 15 seconds to actively touch the object. A total of 
120 trials were conducted (10 per object), broken into 5 sessions. The authors found that 
observers were able to recognize all twelve objects with a fairly high level of accuracy. 
A significant, though modest, effect of time given to haptically explore the objects was 
obtained, with the highest level of performance occurring at 7 seconds. There was also a 
small effect of experience with the objects, with the largest improvement occurring 
between sessions 1 and 2. 
The second experiment of Norman et al. (2004) consisted of a same/different task. 
In this experiment, observers were presented with one object to explore (visually or 
haptically). After 3 seconds it was taken away and observers were presented with a 
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second object (visually or haptically). Their task was to state whether the second object 
possessed the "same" or "different" shape as the first object. Observers were randomly 
assigned to one of four conditions based on how the objects were presented and in what 
order. The conditions were visual-visual (VV), haptic-haptic (HH), visual-haptic (VH), 
and haptic-visual (HV). A total of 120 trials were conducted, 50 percent in which the 
objects were the same in shape, and 50 percent in which they were different in shape. 
Significant differences in performance occurred between the vision-vision condition and 
both cross-modal conditions (vision-haptic and haptic-vision). There was also a 
significant difference in the percentage of errors made on "same" trials versus "different" 
trials, which was dependent on the modality condition (VV, HH, VH, HV). Based on 
these results Norman et al. concluded that Gibson (1962) was correct in that important 
similarities do exist between the visual and haptic systems. While cross-modal 
comparisons can be done at a fairly high level of accuracy, errors still occur, suggesting 
that the modalities may not necessarily share a single common representation of 3-D 
shape. 
The purpose of the current experiment was to extend the findings of Norman et al. 
(2004), as well as to fill a void in the existing literature on the equivalence (or 
nonequivalence) of visual and haptic perception. It was designed to examine the effect of 
experience upon the visual and haptic discrimination of 3-D shape, and to see if 
differences exist in how long visual and haptic shape representations can be held in short-
term memory. A further examination of the error differences ("same" vs. "different" 
trials) that occurred in Norman et al. when shape information was transferred across the 
modalities was also conducted. 
Chapter 2 
Method 
Observers 
The observers were 96 undergraduate and graduate students at Western Kentucky 
University (8 for each of the 12 between-subjects conditions). All observers received 
$5.00 and/or class extra credit in exchange for their participation. 
Stimulus Displays 
The stimuli used in the experiment were selected from the twelve stimuli used in 
the cross-modal matching task conducted in Experiment 1 of Norman et al. (2004) on the 
basis that they were 'confusable' with at least one of the other stimuli. All stimuli were 
selected in pairs in which the confusion was reciprocal. A pair was labeled 'confusable' 
only if each was incorrectly identified as the other in at least 10 percent of the trials (10 
out of 100 trials per object). For example, objects 1 and 3 were selected as a pair because 
object 1 was misidentified as object 3 30 percent of the time, and object 3 was 
misidentified as object 1 15 percent of the time. The pairs were selected based on the 
data from the condition in Experiment 1 in which the participants were allowed 3 seconds 
to haptically explore the object. The confusion matrix for this condition is shown in 
Table 1. The selected pairs are underlined. A total of six "different" pairs were selected, 
consisting of eight individual objects. The pairs used were (1,3), (1,7), (2,11), (3,7), 
(3,8), and (5,12). Photographs of the pairs are shown in Figure 1. The eight individual 
objects were also paired with their replicas to make eight "same" pairs. In total, 14 
distinct pairs (8 same, 6 different) were used as stimuli in the experiment. The actual 
stimuli consisted of two copies of eight bell peppers (Capsicum annuum) made from C-
12 
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Stimulus Object 
Response 
Object: 
1 2 3 4 5 6 7 8 9 10 11 12 
1 33 0 15 4 2 0 10 6 0 1 0 4 
2 6 60 7 3 0 5 17 8 6 1 13 0 
3 30 5 46 20 0 0 23 26 0 7 0 1 
4 3 0 2 28 2 0 1 4 0 1 0 7 
5 0 0 0 3 70 0 1 0 0 7 0 12 
6 0 12 0 1 0 88 1 0 8 0 11 0 
7 15 2 12 12 4 0 31 7 0 1 0 0 
8 11 0 12 23 z.. 0 12 42 1 1 0 9 
9 1 7 0 1 0 3 1 5 59 4 1 0 
10 1 0 1 2 8 0 1 1 2 77 0 16 
11 0 14 0 1 0 4 2 1 24 0 75 1 
12 0 0 0 2 12 0 0 0 0 0 0 50 
Table 1. Confusion matrix from Norman et al. (2004)—Experiment 1; 3-second 
condition. Objects selected for current experiment are underlined. 
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Figure 1. Objects used in current experiment. Shown here are the six "different" pairs. 
The eight "same" pairs were the objects paired with their exact replica. 
15 
1506 rigid urethane casting compound (Smooth-on, Inc.). 
Procedure 
On any given trial, participants were asked to compare the shapes of two objects 
presented to them sequentially. Participants were assigned to one of four groups in which 
both objects were presented either within a single sensory modality (both objects 
compared visually or haptically) or across the sensory modalities (one object presented 
visually, the other haptically). There were two cross-modal groups, one in which the first 
object was presented visually and the second was presented haptically, and another in 
which the first object was presented haptically and the second visually. The participants 
were asked to indicate whether the objects possessed the "same" or "different" 3-D 
shape. The objects were presented for a duration of 3 seconds each, with a 3-, 9-, or 15-
second inter-stimulus interval between them. Thus there were four combinations of 
modalities (vision-vision, haptic-haptic, vision-haptic, haptic-vision) and three durations 
of the inter-stimulus interval (3, 9, & 15 seconds) separating the presentation of the two 
objects on any given trial, thus creating a total of 12 between-subjects conditions. 
The objects presented in the visual conditions were placed on a turntable that 
rotated at a constant speed of 30 rpm. This rotation speed allowed for 1.5 complete 
revolutions in the 3 seconds allotted for viewing the object. The objects were viewed at 
the observers' eye height. In the haptic conditions, participants reached under a table and 
behind a black curtain to touch the object. They were allowed to use both hands to pick 
up the object. Timing did not begin until the participant had touched the object. In all 
conditions (vision and/or haptic) the object was presented to the participant in a randomly 
chosen orientation. 
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Each participant judged 120 trials in a single session lasting approximately 1.5 
hours. In 50 percent of the trials the object pairs presented were the same in shape (exact 
replicas), and in 50 percent they were different in shape (see Figure 1). The session was 
divided into 5 subsessions of 24 trials each. Each of the 6 "different" pairs was observed 
twice per subsession. The 12 "same" trials in each subsession were determined by 
random selection from the 8 "same" object pairs (replicas). The order of the presentation 
of object pairs (same vs. different) was randomly determined. Short breaks were 
allowed, but not required between subsessions. 
Chapter 3 
Results 
The participants' overall discrimination accuracies were examined and plotted in 
terms of percent correct and/or d'. The use of d \ derived from Signal Detection Theory, 
was to control for possible response biases within the individual observers (Macmillan & 
Creelman, 1991). Two 3-way mixed Analyses of Variance (ANOVA's) were conducted, 
one using percent correct as the dependent variable and one using d' as the dependent 
variable, to examine the effects of two between-subjects factors [4 (modality) x 3 (inter-
stimulus interval)], and one within-subjects factor [5 (learning/subsession)]. In both the 
percent correct and d' ANOVAs a significant main effect was found for learning with F 
(4, 336) = 14.05,/? < .001 and F (4, 336) = 11.46,/? < .001, respectively. Tests of within-
subject contrasts revealed the learning trend to be linear in both cases (percent correct, F 
(1, 84) = 43.38,/? < .001; d \ F ( l , 84) = 36.35,/? < .001), indicating an overall gradual 
improvement in discrimination accuracy from subsession 1 to subsession 5. This overall 
learning trend is shown in Figure 2. Though the interaction of modality by learning was 
not found to be significant, the various patterns of learning for each modality group (HH, 
VV, HV, VH) are plotted in Figure 3. An overall significant main effect was also found 
for modality (percent correct, F (3, 84) = 12.54,/? < .001; d', F (3, 84) = 10.47,/? < .001), 
indicating that the ability to accurately discriminate between the objects was affected by 
whether they were presented unimodally (HH or VV) or cross-modally (HV or VH). In 
terms of percent correct, the lowest discrimination accuracy (M= 65.31) occurred in the 
haptic-vision condition, while the highest discrimination accuracy (M = 78.65) occurred 
in the vision-vision condition. The results of a Fisher LSD post-hoc analysis revealed 
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that discrimination accuracies for the vision-vision, haptic-haptic, and vision-haptic 
conditions were all significantly higher than for the haptic-vision condition (p < .001, p = 
.003, p = .031, respectively). The performance in the vision-vision condition was also 
significantly better than in the haptic-haptic (p - .003) or the vision-haptic (p < .001) 
conditions. When analyzed in terms of d', the Fisher post-hoc test revealed similar 
results. Once again, the performance for the vision-vision condition was found to be 
significantly better than in any of the other conditions (p < .001). However the only other 
difference found was between the two cross-modal conditions (p = .007). For d' the 
highest discrimination accuracy (M= 2.9) was again observed in the vision-vision 
condition, while the lowest (M= 1.74) was in the haptic-vision condition. The observers 
overall discrimination performances for the four modality conditions (HH, VV, HV, and 
VH) are shown in Figure 4, both in terms of d' and percent correct. No main effect for 
inter-stimulus interval or any interactions between the factors were observed. 
To examine for possible performance differences on "same" and "different" trials 
a 3-way mixed ANOVA was conducted with two between-subjects factors (modality and 
inter-stimulus interval) and one within-subjects factor (trial type: "same" vs. "different") 
trials. It was only possible to examine for these differences in terms of percent correct, as 
the essence of d' is to account for biases to respond "same" or "different." Two main 
effects, trial type and modality, were found to be significant. The modality effect was 
also observed in the previous ANOVAs (see Figure 4). For trial type, performance on 
"same" trials (M= 77.34) was significantly higher than performance on "different" trials 
(M= 65.63), F (1, 84) = 28.99, p < .001. In other words, participants were significantly 
better at identifying the pairs of objects as being the same in shape than being different in 
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22 
shape. It was more common for them to incorrectly perceive the objects as having the 
same shape when they were actually different than to incorrectly perceive them as being 
different in shape when they were actually the same. An interaction between trial type 
and inter-stimulus interval (ISI) was observed (F (2, 84) = 4.12, p - .022) and a Fisher 
LSD post-hoc analysis revealed that for "different" trials only, performance was 
significantly better when there was a 15-second ISI (M= 70.58) than when there was a 3-
second ISI (M = 60.42), p = .006. For this interaction, there were no performance 
differences between ISIs within "same" trials. An interaction was also observed between 
trial type and modality, F (3, 84) = 12.62, p < .001. An LSD post-hoc analysis revealed 
that for "same" trials performance in the vision-haptic group (M= 82.21) was 
significantly better (p = .003) than for the haptic-haptic group (M = 71.74). For 
"different" trials, both the vision-vision (M= 79.79) and haptic-haptic (M= 72.29) 
groups were significantly better (p < .001) than both the haptic-vision (M= 52.29) and 
vision-haptic groups (M= 58.13). In other words, when the objects presented were 
different in shape, participants were significantly better at discriminating between them if 
both objects were perceived within the same modality (VV or HH) rather than across the 
modalities (VH or HV). A graph of this interaction is shown in Figure 5. 
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Figure 5. Graph of interaction between trial type ("same" v. "different") and modality 
condition (HH, VV, HV, VH). For the unimodal (HH and VV) conditions performance is 
slightly worse for "same" trials as compared to "different" trials. For the cross-modal 
conditions (HV and VH) performance is much worse on "different" trials as compared to 
"same" trials. Discrimination accuracy is plotted in terms of percent correct. 
Chapter 4 
Discussion 
The results from the current experiment give us a better understanding of the 
similarities and differences between the visual and haptic sensory modalities' 
representations of 3-D shape. It extends the findings of previous research on the cross-
modal transfer of shape information, including the works of Gibson (1962, 1963, 1966) 
and Norman et al. (2004). Based on a series of experiments, Gibson concluded that 
"seeing and touching are two ways of getting much the same information about the 
world" (1979, p. 258). The results of Norman et al. (2004) confirmed this statement with 
the finding that participants could compare object shapes equally well when both objects 
were presented either visually or haptically. However, when shape information had to be 
transferred across the modalities, performance significantly decreased. This decrease in 
performance suggested that a possible recoding of shape information was necessary for 
the transfer to take place. Whi1e haptics and vision are both capable of perceiving object 
shape, they may give different weights to different features. They "code" features 
differently. 
Like Norman et al. (2004) the current experiment found both similarities and 
differences between the visual and haptic modalities. A major similarity was in the 
pattern of learning for both the unimodal (visual-visual and haptic-haptic) and cross-
modal (visual-haptic and haptic-visual) conditions (see Figures 2 and 3). The overall 
trend of improvement from subsession 1 to subsession 5 was linear, or in other words, it 
increased gradually. While this pattern is different from the one observed by Norman et 
al. in their cross-modal matching task (significant improvement from session 1 to session 
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2 and then a leveling off in performance), it not surprising. In a sense, the current 
experiment employed a more difficult discrimination task by using only object pairs that 
were highly confusable (based on Norman et al., 2004, Exp 1.). Even when a presented 
pair contained objects that differed in local shape they were still globally similar. This 
increased level of difficulty resulted in a more gradual improvement, as the participants 
gained increasing experience with the objects. It can be assumed that had more 
subsessions been added on to the experiment, (6, 7, 8, etc.) performance would have 
eventually leveled off in a manner similar to what was observed in Norman et al. (2004). 
The significant main effect observed for modality (HH, VV, HV, and VH) gave 
evidence that different levels of discrimination accuracy exist for unimodal and cross-
modal shape judgments (see Figure 4). In contrast to what was observed in Norman et al. 
(2004), in the current experiment discrimination performance for the vision-vision group 
was significantly better than for the haptic-haptic group. This finding again suggests 
perhaps coding differences and/or differences in feature salience for the two modalities. 
For the specific task given, the visual modality does appear to be superior to the haptic 
modality. It is important, though, not to over generalize this superiority of vision or the 
nonequivalence of the two modalities. While vision-vision appeared to be the "best" 
modality condition for performance on the discrimination task, haptic-vision was the 
worst. When analyzed both in terms of percent correct and d', it was worse than the 
other cross-modal condition (vision-haptic). It can be concluded that comparing an 
object presented visually to an object initially encoded haptically is a more difficult task 
than comparing an object haptically to an object that was initially encoded visually. 
While the studies of Gibson and Walker (1984), Steri (1987), and Steri and Gentaz 
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(2003) found the opposite to be true (touch-to-vision was superior to vision-to touch) 
with infants up to 2-months of age, it is important to remember that visual acutity is not 
fully developed until around 8 months of age. At the infant stage in development touch 
(both oral and haptic) appears to be the superior modality for object exploration (for 
infant perception review see Siegler, DeLoache, & Eisenberg, 2003). However the 
current finding, when interpreted in conjunction with the findings of Bushnell and 
Weinberger (1987), suggests that vision allows for the encoding of more information 
about an object's shape than touch from approximately 11-months of age on through 
adulthood. 
Like learning, all of the modality conditions seemed to be equally affected (or 
unaffected) by the various interval lengths between the presentation of the first and 
second objects. Increasing the inter-stimulus interval (ISI) from 3 to 9 to 15 seconds had 
no effect on discrimination performance. As no distracter task was employed during the 
ISI, it can be hypothesized that the participants actively rehearsed the shape of the first 
object until the presentation of the second. It is difficult though to image how one 
mentally rehearses tactual mental images. One possibility is that participants rehearsed 
specific salient features on the objects (e.g., three bumps and a wide, shallow trough), as 
opposed to compiling the features into a whole, global mental image. In a similar study 
conducted by Abravanel (1972), participants were allowed to manipulate an object (one 
of Gibson's original "feelies") for three seconds. After a 15-second ISI, they were then 
presented with two objects successively for 3 seconds each and required to decide which 
of the two objects was identical in shape to the first object that had been presented to 
them. The same four modality conditions were used as in the current experiment. Like 
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the current experiment, the participants did not seem to be affected by the 15-second ISI. 
Though only ten trials were conducted for each participant, the mean correct was well 
above chance for all groups. 
An important goal of the current study was to get a clearer picture of the error 
differences that were observed in Norman et al. (2004). As a result, discrimination 
performance for "same" trials (both objects same in shape) and discrimination 
performance for "different" trials (objects have different shapes) were analyzed 
separately. It was found that, overall, participants were better at identifying "same" pairs 
than "different" pairs. Due to the fact that the presented pairs were highly similar even 
when they had different shapes it is not surprising that participants had more difficulty 
discriminating between the "different" pairs than the "same" pairs. In the only significant 
result related to ISI, it was found that on "different" trials participants performed 
significantly better in the 15-second ISI condition than in the 3-second ISI condition. 
While at first this looks puzzling, if taken into account with the fact that overall a 15-
second ISI was no different than a 3-second ISI, this interaction can be explained by 
rehearsal. Perhaps having a longer period to rehearse the shape of the first object allowed 
for easier discrimination from the second object. However, this extra rehearsal was 
helpful only in that it decreased the likelihood of incorrectly perceiving a "different" pair 
as being the "same." The extra rehearsal was not necessary for identifying "same" pairs. 
Not only were the different modality conditions found to have different levels of 
discrimination accuracy but they also affected how observers performed on "same" and 
"different" trials. For "different" trials a profound split surfaced between the unimodal 
(HH and VV) and cross-modal (HV and VH) conditions (see Figure 5). While observers 
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in the unimodal groups were actually a little better (though not significantly) at 
discriminating between "different" pairs than "same" pairs, for observers in the cross-
modal groups discrimination accuracy plummeted on "different" pairs. In fact, for the 
cross-modal conditions performance was barely even above chance ( H V — M - 52.29 
percent correct; V H — M - 58.13 percent correct). However for "same" trials, the cross-
modal groups outperformed the unimodal groups, though the only significant difference 
was between the vision-haptic and haptic-haptic conditions. Again these differences can 
be explained by the confusability of the "different" object pairs. When the shape 
information had to be transferred across the modalities, it became more difficult to 
distinguish among the different local features of the objects. Either during transfer or 
perhaps recoding, important information was lost. As a result, the participants 
predominately perceived the second object to be the same in shape as the first object, 
whether it was or not. However, when the shape information stayed within the same 
modality, the information concerning the local shape characteristics remained intact. As 
a result, the participants made approximately the same number of errors on "same" and 
"different" trials. 
Overall the current study found important similarities and differences between the 
haptic and visual modalities. When it comes to the perception of object shape, both 
modalities appear to learn at the same rate and have approximately equal capacities for 
short-term memory. They are not, however, equal in their ability. In the current study, 
vision appeared to be superior to haptics, and the transfer of information across the 
modalities made the cross-modal tasks significantly more difficult to complete. Taken 
together, these findings suggest a possible difference in how the modalities code shape 
29 
information. Some interesting future studies would be to examine visual and haptic 
discrimination accuracies for texture and size, as opposed to shape. Though vision and 
touch are both capable of perceiving texture and size, it is difficult to say which modality 
would be superior at discriminating between objects based solely on those dimensions. If 
haptic perception truly is an "inferior form of vision" (Klatzky, Lederman, & Reed, 1987, 
p. 357), then vision should always come out on top. However if the difference lies in 
encoding processes, what is salient for the visual modality may not be salient for the 
haptic modality, and there is still room for haptic superiority on some dimensions. 
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